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phosphate is needed to produce full development. As would
be expected, therefore, nitrogen fixation in soil is often
greatly stimulated by the addition of phosphates. Christen-
sen has, indeed, found sojls where lack of phosphate was the
limiting factor for Azotobader growth.

Azotobacter is very intolerant of an acid medium, and is
very dependent on the presence of an available base. In
cultures this is usually provided in the form of calcium or
magnesium carbonate. Gainey21 found that Azototacter
occurred in soils having an acidity not greater than PH 6*0,
and Chzistensen,7, 9 in Denmark, has found a close association
between the occurrence of Azotolactey in soils and the presence
of an adequate supply of calcium carbonate. So close was
this association that he devised a technique based on this
fact for detecting a deficiency of lime in a soil sample.

In addition to the groups already discussed, there is a
remarkable and important group of nitrogen-fixing bacteria
that inhabit and can carry on their functions within the root
tissues of higher plants. It has been known at least from
classical times that certain leguminous plants would, under
suitable conditions, render the soil more productive. On
the roots of legurninosae small tubercles are commonly found.
These were noted and figured by Malpighi in the seventeenth
century, and for a long time were regarded as root-galls. As
was described in Chapter I., the true nature of these tubercles
was finally elucidated by Hellriegel and Wilfarth in 1886.
As the result of a series of pot experiments, they made the
very brilliant deduction that the ability to fix nitrogen,
possessed by the legumes, was due to bacteria associated
with them in the tubercles.

These bacteria were finally isolated and studied in pure
culture by Beijerinck. Since then a very great deal of
literature has accumulated on the subject of the nodule-
producing bacteria, which it is impossible to deal with in a
small space. The nodule organism, Bacillus mdicicold, when
grown on suitable media, passes through a number of different
changes in morphology. The most connected account of
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